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Abstract 
Background: Indoor residual spraying (IRS) is being implemented as one of the malaria prevention methods in 
the Northern Region of Ghana. Changes in longevity, sporozoite and entomological inoculation rates (EIRs) of major 
malaria vectors were monitored to assess the impact of IRS in selected districts.
Methods: Monthly human landing catches (HLCs) were used to collect mosquitoes from sentinel sites in three 
adjacent districts between July 2009 and December 2014: Savelugu Nanton (SND) where IRS had been implemented 
from 2008 to 2014; Tolon Kumbungu (TKD) where IRS had been implemented between 2008 and 2012 and Tamale 
Metropolis (TML) with no history of IRS. Mosquitoes were morphologically identified to species level and into sibling 
species, using PCR. Samples of Anopheles gambiae sensu lato (s.l.) were examined for parity and infectivity. EIR was 
calculated from biting and infectivity rates of malaria vectors.
Results: Parity rates of An. gambiae s.l. decreased significantly (p < 0.0001) in SND from 44.8% in 2011 to 28.1% by 
2014, and in TKD from 53.3% in 2011 to 46.6% in 2012 (p = 0.001). However 2 years after IRS was discontinued in 
TKD, the proportion of parous An. gambiae s.l. increased significantly to 68.5% in 2014 (p < 0.0001). Parity rates in the 
unsprayed district remained high throughout the study period, ranging between 68.6% in 2011 and 72.3% in 2014. The 
sum of monthly EIRs post-IRS season (July–December) in SND ranged between 2.1 and 6.3 infective bites/person/sea-
son (ib/p/s) during the 3 years that the district was sprayed with alphacypermethrin. EIR in SND was reduced to unde-
tectable levels when the insecticide was switched to pirimiphos methyl CS in 2013 and 2014. Two years after IRS was 
withdrawn from TKD the sum of monthly EIRs (July–December) increased by about fourfold from 41.8 ib/p/s in 2012 to 
154.4 ib/p/s in 2014. The EIR in the control area, TML, ranged between 35 ib/p/s in 2009 to 104.71 ib/p/s by 2014.
Conclusions: This study demonstrates that IRS application did have a significant impact on entomological indicators 
of malaria transmission in the IRS project districts of Northern Ghana. Transmission indicators increased following the 
withdrawal of IRS from Tolon Kumbungu District.
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Background
The use of indoor residual spraying (IRS) and insecticide-
treated nets (ITNs) as key vector control interventions 
has seen a massive scale-up over the last decade [1]. This 
scale-up together with other case management and pre-
ventive measures were reported to have contributed to 
a global decline in malaria mortality rates by about 47% 
between 2000 and 2013, and by 54% in the World Health 
Organization (WHO) African Region [2]. It is known 
that IRS as a vector control intervention can be highly 
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effective when over 80% of the target population are cov-
ered [3]. The effectiveness of IRS has been demonstrated 
through surveys that show a reduction in entomological 
indices of transmission [4–6] or significant reduction in 
malaria prevalence [4], morbidity and mortality [7, 8]. 
However several challenges threaten the efficacy of IRS. 
Studies have found that the scale up of IRS and ITNs con-
tribute to changes in vector behaviour [5, 9], and changes 
in vector species composition or selection for certain 
traits that may support rapid evolution of insecticide 
resistance [10]. In areas where pyrethroid resistance is 
widespread, non-pyrethroid insecticides can be used to 
maintain the efficacy of IRS. However, new insecticides 
and formulations tend to be more expensive than the 
previously used pyrethroids, and have partly contributed 
to the scale-down of IRS coverage in some countries, 
including Ghana [2, 11].
In Ghana, IRS forms a key component of the national 
malaria control strategic plan to reduce the malaria bur-
den in the country [12, 13]. Currently, IRS is being imple-
mented in the Northern Region through support from 
the United States President’s Malaria Initiative (PMI) 
and in Upper West Region and Obuasi municipality in 
the Ashanti region supported by the Global Fund. The 
PMI supported IRS programme in northern Ghana was 
scaled down from 9 districts in 2012 to 4 districts in 2013 
and 2014, as a result of the switch of insecticides from 
pyrethroid to a more expensive organophosphate. How-
ever the national malaria control strategic plan calls for 
national scale-up of IRS in the country. In view of the 
sub-national differences in intensity of malaria transmis-
sion [14, 15] and the logistical difficulties of IRS imple-
mentation in some areas, there is the need to document 
the epidemiological and entomological impact of already 
existing IRS programmes in the different ecological zones 
of the country [15] before a rapid country-wide scale-
up of this intervention. This is needed to provide evi-
dence for decision-making and guide future programme 
implementation.
Findings of the impact of the IRS operations, as well 
as IRS withdrawal on the sporozoite and entomological 
inoculation rates across two sentinel districts of the PMI 
IRS program in Northern Region, Ghana are discussed 
in comparison with an unsprayed district. The impact of 
IRS on parity rates as an indicator of longevity was also 
measured in sprayed and unsprayed districts.
Methods
Study areas
Three districts in the IRS programme area were selected 
for entomological monitoring, namely: Savelugu Nan-
ton District (hereafter SND) (9.25° and 10.8°N and 0.33° 
and 1.00°W), Tolon Kumbungu District (TKD) (9.15° 
and 10.70°N, 0.52° and 1.23°W), and Tamale Metropo-
lis (TML) (9.16° and 9.34° N and 00.34° and 00.59o W). 
Three rural communities within each district were 
used as sentinel sites (Fig. 1). Tarikpaa, Diare and Nan-
ton communities under SND and Gbullung, Woribugu 
and Dimabi communities under TKD were purposively 
selected as entomological sentinel sites. Three rural 
communities (Kulaa, Tugu and Yong) under the Tamale 
metropolis with no history of IRS and no near term 
plans for IRS implementation were selected as control 
sentinel sites for comparison of trends on longevity, 
sporozoite infectivity and entomological inoculation 
rates.
All the study sites are rural and located in Ghana’s 
northern savannah zone, which experiences a unimodal 
rainy season that occurs between May and November, 
with the peak months (July to September) receiving 
between 150 and 250 mm of rainfall per month. The rainy 
season is followed by a dry season that lasts from Decem-
ber until March [16]. The annual range of temperature is 
between 25 and 30  °C [16], which appears to be favour-
able for Anopheles larval development. A typical housing 
complex found in the study area consists mainly of com-
pounds made up of round huts roofed with thatch and 
scattered over large farmlands.
Mean daily rainfall data from the study area was 
obtained from weather stations of the Ghana Meteoro-
logical Services Department in Savelugu and Tamale, and 
Savannah Agricultural Research Institute (SARI)—Tolon 
Kumbungu.
IRS campaigns and insecticides used
IRS was conducted once annually, timed to coincide with 
the first or second month of the rainy season depending 
on the year. SND and TKD started IRS in 2008, begin-
ning with the inexpensive pyrethroid insecticide alpha-
cypermethrin (Fendona 5 WP) at 30  mg/m2 in 2008 
and 2009 which has a residual life of 4–6  months. In 
2010 both districts were sprayed with the alternative 
pyrethroid, deltamethrin (Pali 25 WG) with a residual 
life of 3–6 months, at a rate of 20 mg/m2. Both districts 
reverted to alphacypermethrin in 2011. In 2012, the two 
district programmes diverged. Due to emerging insecti-
cide resistance concerns [17], communities in SND were 
sprayed with an organophosphate insecticide (pirimi-
phos methyl CS formulation at a rate of 1  g/m2) with a 
residual life of 4–6  months, whereas communities in 
TKD were still sprayed with alphacypermethrin. IRS was 
discontinued in TKD in 2013 due largely to cost consid-
erations, but continued in SND with pirimiphos methyl 
CS through 2014. Meanwhile the neighbouring control 
district TML received no IRS throughout. The timeframe 
for IRS rounds is presented in Table 1.
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Fig. 1 Map of study area located within the Northern region of Ghana
Table 1 IRS implementation schedule and insecticide usage for the PMI IRS programme, Northern Ghana 2008–2014
Percentages in parenthesis = yearly IRS coverage of sprayable houses
Districts Insecticide used and spray coverage (%)
Calendar year: Pre-2008 2008 2009 2010 2011 2012 2013 2014
IRS year: 1 2 3 4 5 6 7
Savelugu-Nan-
ton District 
(SND)
No IRS Alphacyperme-
thrin
(88.4%)
Alphacyperme-
thrin
(93.6%)
Deltamethrin
(98.7%)
Alphacyperme-
thrin
(87.5%)
Pirimiphos-
methyl CS
(89.7%)
Pirimiphos-
methyl CS
(91.1%)
Pirimiphos-
methyl 
CS
(68.0%)
Tolon-Kum-
bungu District 
(TKD)
No IRS Alphacyperme-
thrin
(91.3%)
Alphacyperme-
thrin
(93.4%)
Deltamethrin
(98.0%)
Alphacyperme-
thrin (91.1%)
Alphacyperme-
thrin (91.9%)
No IRS No IRS
Tamale Metrop-
olis (TML)
No IRS No IRS No IRS No IRS No IRS No IRS No IRS No IRS
Entomological monitoring
All districts None Periodic Monthly (post-
IRS)
Monthly Monthly Monthly Monthly Monthly
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Spray coverage and quality
The programme implemented intensive mobilization and 
sensitization campaigns. Spray operators were also well 
trained and closely supervised to make sure the required 
quality of operation was achieved [18, 19].
ITN campaigns, coverage and use
Data on ITN coverage and use was obtained at the 
regional level from the 2008 and 2014 Demographic 
and Health Surveys and the 2011 Multiple Indicator 
Cluster Survey [15, 20, 21], each of which were con-
ducted nationwide at the end of the rainy season.
Adult mosquito collections
Using the human landing catch (HLC) method [22] 
monthly mosquito collections were conducted simultane-
ously across all study sites. In each sentinel community, 8 
trained mosquito collectors worked in two teams of four, 
working in 2 houses each night from 6 p.m. to 6 a.m. In 
each house 2 collectors worked indoors whilst the other 
2 worked outdoors. Collections were done for a total of 
4 nights to sample 8 houses in the community per month 
(24 houses in a district per month). Collectors shifted 
between indoor and outdoor every hour and were allowed 
to take 10  min breaks between shifts. Due to logistical 
challenges, there were occasional gaps in monthly moni-
toring, but a total of 61 out of 65 months were covered.
Mosquito identification and processing
Vector species identification
Mosquitoes collected were morphologically identified to 
species level using taxonomic keys [23]. Mosquito sam-
ples of the Anopheles gambiae complex were further 
identified into sibling species using ribosomal DNA-
polymerase chain reaction (PCR) [24] and into molecu-
lar forms following the PCR–RFLP (restriction fragment 
length polymorphism) procedure [25].
Parity dissections
About 30% of unfed An. gambiae s.l. identified mor-
phologically was dissected per site per month, except 
for months when very few numbers of An. gambiae s.l. 
females were captured. Three of every ten unfed An. gam-
biae s.l. identified morphologically from the hourly col-
lections per site were selected for dissection. The selected 
mosquitoes were dissected and their ovaries examined for 
parity by observing the degree of coiling in the ovarian 
tracheoles [26]. Due to financial and logistical challenges, 
monthly parity data are available from 2011 to 2014.
Circumsporozoite assay
The head and thoraces of a subset (~10%) of Anopheles 
mosquitoes collected were tested using enzyme-linked 
immunosorbent assay (ELISA) [27] for the presence of cir-
cumsporozoite protein (CSP) of Plasmodium falciparum, 
the major malaria parasite in the study areas. These tests 
were performed at the Noguchi Memorial Institute for 
Medical Research (NMIMR) laboratory in Accra, Ghana.
Data analysis
The number of mosquitoes collected per month which 
belonged to important Anopheles vector species (An. 
gambiae s.l. and An. funestus group) was used as the 
denominator to calculate the following ratios:
  • Parity rate
  • The proportion of parous mosquitoes among unfed 
and blood meal seeking mosquitoes. Parity was used 
as a proxy measure for the daily survival rate and 
average life span of the vector population
  • Monthly sporozoite rate
  • Number of mosquitoes found positive for the presence of 
circumsporozoite proteins/number of mosquitoes tested
  • The entomological inoculation rates (EIRs) were cal-
culated by the formula
Yearly variations in parity and sporozoite rate for 
Anopheles spp. collected from IRS and unsprayed dis-
tricts were compared through a z test for differences in 
proportions. Pearson’s correlation was used to assess the 
relationship between rainfall and EIRs. All tests were per-
formed at 0.05 significance level, using SPSS version 20 
and Microsoft  Excel®.
Results
Spray coverage
The timeframe for IRS implementation, insecticide used 
and yearly coverage is presented in Table 1. The intensive 
mobilization and sensitization campaigns implemented 
by the programme ensured high spray coverage (Table 1). 
Over 80–90% coverage was achieved in both districts 
each year, with the exception of 68% coverage in SND in 
2014 [19], attributed to low acceptance among certain 
town populations.
ITN campaigns, coverage and use
ITN coverage and use was found to be high across all 
study areas. This reflected the large-scale efforts of the 
National Malaria Control Programme (NMCP) and 
EIR-daily = Daily human biting rates
× sporozoite rate
Post IRS EIRs =
∑
Monthly IRS EIRs
(July−December)
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international partners since 2006 to promote the own-
ership and use of ITNs in Northern Region. ITNs were 
distributed largely through mass door-to-door ITN dis-
tribution campaigns in 2010 and 2012, then through 
school and health facility distributions in 2013–2014 
(Fig.  3) [13, 17]. ITN ownership in Northern Region 
increased from 54% in the 2008 Demographic and Health 
Survey to about 71% by the 2014 DHS survey, with an 
average of 1.7 ITNs per household in 2014 [20, 21]. ITN 
usage among children under age 5 and pregnant women 
were 58% and 61%, respectively, in 2014 [21].
Anopheles species composition and relative abundance
A total of 192,259 adult female Anopheles mosquitoes 
belonging to 5 different species were collected over the 
6 years (2009–2014). An. gambiae s.l. (95.3%) was the most 
abundant species, followed by An. nili (2.4%) and An. funes-
tus (1.7%). An. rufipes and An. pharoensis made up 0.2 and 
0.4% respectively of the total Anopheles mosquitoes collected 
(Table 2). There was monthly and yearly variation in abun-
dance of the main vectors (An. gambiae s.l. and An. funestus) 
in all the areas. The vector abundance in all the areas coin-
cided with the peak of the rainy season (Fig. 2). The mean 
biting rates of vectors in the unsprayed communities were 
higher than biting rates for the IRS areas across all the years. 
The biting rate of the main vectors from all sites significantly 
reduced over the duration of the study (2009–2014). 
PCR analysis on An. gambiae s.l. collected between 
2009 and 2013 showed that An. coluzzii and An. gam-
biae sensu stricto (s.s.) were present in all the sites in 
varying proportions with An. gambiae s.s. predominat-
ing (75–89%) between 2009 and 2013. However, in 2014 
An. coluzzii was the predominant molecular form mak-
ing up over 91% of the An. gambiae species from all sites 
(Table 3). Five An. arabiensis were identified out of 348 
An. gambiae s.l. analysed in 2014.
Parity rates of vectors
Higher proportions of parous female An. gambiae s.l. 
were collected from the unsprayed district compared to 
sprayed districts (Table 4; Fig. 3) (p < 0.0001). Whereas a 
general decrease in the proportion of parous mosquitoes 
was observed across the IRS sites, parity rates in the IRS 
withdrawn and the unsprayed district remained high. The 
proportion of parous An. gambiae s.l. collected in SND in 
2011 was reduced from 44.8 to 37.4% in 2012 when the 
district was sprayed with pirimiphos methyl CS (z = 2.55, 
p = 0.011). The proportion of parous females was further 
reduced to 27.5% (z = 3.22, p = 0.001) in 2013. Despite 
a significant reduction in parity rates in 2012 (z = 3.24, 
p = 0.001) when IRS was being implemented, the with-
drawal of IRS in 2013 from TKD resulted in an increase in 
the proportion of parous (older) mosquitoes from 46.6% 
in 2012 to 50.4% in 2013 (z  =  −2.07, p  =  0.038). Par-
ity rates in TKD increased to 68.5% in 2014 (z = −9.79, 
p < 0.0001). Parity rates in TML remained high, increased 
somewhat from 64.3% recorded in 2013 to 72.3% in 2014 
(z = −6.11, p < 0.0001) (Table 4).
Sporozoite rate of local vector species
Whereas sporozoite infection in SND was reduced 
to a level that could not be detected in 2013 and 2014, 
the sporozoite rates in TKD (after IRS withdrawal) and 
Tamale (unsprayed district) remained high (p  <  0.05) 
(Table 5) in comparison to the sprayed area.
Entomological inoculation rate of local vector species
Malaria transmission was highly seasonal across all sites 
(Fig. 3), as expected. The highest EIRs were observed dur-
ing the rainy season (May–October) across all the sites. 
Bivariate Pearson’s correlation analysis of the monthly 
EIRs with rainfall showed that the mean monthly EIRs 
had a positive correlation with rainfall across all the sen-
tinel sites: SND (R = 0.447, p < 0.001), TKD (R = 0.276, 
p = 0.030) and TML (R = 0.282, p = 0.026). All infections 
in SND were detected during the rainy season. However, 
in TKD and TML malaria transmission still occurred in 
the dry season (Fig. 3).
The entomological inoculation rate (EIR), was lower in 
the IRS districts sprayed with the organophosphate com-
pared to districts sprayed with pyrethroids, unsprayed 
and IRS withdrawn districts (Fig.  3). The EIRs during 
the post-IRS months (July–December) in the two IRS 
districts (SND and TKD) were suppressed until 2012 
Table 2 Total number of Anopheles caught per study site
Anopheles species collected Savelugu-Nanton District (SND) Tolon-Kumbungu District (TKD) Tamale metropolis (TML) Total
An. gambiae s.l. 27,648 (98.9%) 63,500 (95.6%) 92,111 (94.1%) 183,259 (95.3%)
An. funestus 76 (0.3%) 1849 (2.8%) 1378 (1.4%) 3303 (1.7%)
An. rufipes 42 (0.2%) 117 (0.2%) 259 (0.3%) 418 (0.2%)
An. nili 58 (0.2%) 854 (1.3%) 3632 (3.7%) 4544 (2.4%)
An. pharoensis 140 (0.5% 111 (0.2%) 484 (0.5%) 735 (0.4%)
27,964 66,431 97,864 192,259
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when the post-IRS EIR in TKD doubled from 24 infec-
tive bites/person/season (ib/p/s) in 2011 to 41.8 ib/p/s. 
A year-by-year comparison of the transmission inten-
sity in TKD between July and December revealed that 
the sum of monthly EIRs during this period increased by 
about threefold in 2013 to 137.9 ib/p/s when IRS was dis-
continued and remained high in 2014 (Table 5). On the 
other hand, the sum of post-IRS monthly EIRs in SND 
was reduced to about half the levels in 2011 (i.e. from 6.3 
ib/p/s in 2011 to 3.5 ib/p/s in 2012) just 1 year after the 
switch from pyrethroids to organophosphates. Transmis-
sion intensity was further reduced to a level that could 
not be detected by the sampling method used in 2013 
and 2014 after the shift to organophosphate insecticide. 
Fig. 2 Biting rates of An. gambiae s.l. collected from sentinel sites between August 2009 and December 2014
Table 3 Distribution of molecular forms of An. gambiae s.l. caught per study site
Year Total # samples 
analysed
Savelugu-Nanton District 
(SND)
Tolon-Kumbungu District 
(TKD)
Tamale Municipality (TML)
An. gambiae An. coluzzii An. gambiae An. coluzzii An. gambiae An. coluzzii M/S hybrid
2009 200 49 0 58 17 69 7 0
2010 312 68 12 96 16 98 22 0
2011 135 46 4 33 8 39 5 0
2012 80 18 8 25 5 18 6 0
2013 161 54 0 43 13 44 7 0
2014 263 0 58 10 80 16 97 2
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Table 4 A comparison of parous An. gambiae s.l. collected from IRS and non-IRS districts between 2011 and 2014
ACP alpha-cypermethrin, PM pirimiphos-methyl
* p value significant at 0.05 significance level; −ve% represents percentage reduction; +ve% represents percentage increase
Study district/year 
compared
Compared parity 
rate (%)
% Change Pooled sample 
proportion
Standard 
error
Z test 
statistic
p value Remark
Savelugu Nanton District (SND)
 2011–2012 44.8 → 37.4% −16.5 0.421 0.029 2.549 0.011* Change from ACP to PM
 2012–2013 37.4 → 27.5% −26.5 0.324 0.031 3.222 0.001* Sprayed with PM
 2013–2014 27.5 → 28.1% +2.1 0.277 0.034 −0.168 0.867 Sprayed with PM
Tolon Kumbungu District (TKD)
 2011–2012 53.3 → 46.6% −12.6 0.499 0.021 3.242 0.001* IRS continued with ACP
 2012–2013 46.6 → 50.4% +8.0 0.490 0.018 −2.071 0.038 IRS withdrawn
 2013–2014 50.4 → 68.5% +36.0 0.567 0.019 −9.793 0.000* IRS withdrawn
Tamale Metropolis (TML)
 2011–2012 68.6 → 65.8% −4.1 0.671 0.016 1.730 0.084 No IRS
 2012–2013 65.8 → 64.3% −2.2 0.649 0.015 0.991 0.322 No IRS
 2013–2014 64.3 → 72.3% +12.5 0.681 0.013 −6.113 0.000* No IRS
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There was yearly variation in EIRs in all the sites but EIRs 
in the control district (TML) remained high compared to 
the sprayed areas.
Discussion
The major purpose of IRS is to reduce malaria transmis-
sion by reducing the survival of malaria vectors after 
entering and feeding on humans inside dwellings and con-
sequently preventing transmission of malaria infection to 
others [28]. The general significant decline in the parity 
rates in the IRS district over the years (from 2011 to 2014) 
can likely be attributed to the effect of the IRS [5, 29]. Par-
ity rates of vectors in TKD were reduced when IRS was 
being implemented in 2012 but increased steadily after 
the withdrawal of IRS in 2013 through 2014. Even though 
some climatic factors, such as temperature and humid-
ity, are known to affect vector longevity and abundance of 
parous females [30], such climatic factors, as well as ITN 
ownership and use are expected to be similar across all 
IRS and non-IRS districts in this study, which are adjacent 
to each other. Therefore, the most likely factor for the low 
parity rate in the sprayed districts is the IRS operation in 
these districts, demonstrating the benefit of adding IRS 
where there is modest to high level ITN coverage.
The results confirms the seasonality of malaria trans-
mission in all the study sites as indicated by previous 
studies in Northern Ghana [14, 31, 32] and justifies the 
one spray round per year approach adopted by the PMI 
IRS programme in the area.
The EIR in SND was low at the beginning of the study 
but increased subsequently in 2010 and 2011. The 
increase can likely be attributed to pyrethroid resistance 
in the area. However, the timely change to an organo-
phosphate (pirimiphos methyl CS) resulted in reduction 
in EIR to undetectable levels in 2013 and 2014.
The study found An. gambiae s.l. to be the predominant 
vector species collected from all sentinel sites. This is con-
sistent with studies in other parts of the country that also 
found An. gambiae s.l. to be the major Anopheles species 
feeding on humans in Ghana [14, 33]. The predominance 
of An. gambiae s.l. could in part be attributed to its high 
reproductive potential [34] and its high plasticity [35]. 
The relatively high number of An. funestus collected from 
TKD over the period could be attributed to the presence 
of rice irrigation farms in the area, as some studies [36, 37] 
have found that An. funestus prefers to breed in semi-per-
manent waters and sites shaded by vegetation, a condition 
provided by the irrigation sites in the area. The presence 
of the rice irrigation farms in the TKD area could have 
also created several breeding sites for mosquitoes even 
in the dry season and may account for the relatively high 
number of An. gambiae s.l. collected in TKD district.
Distribution of An. coluzzii and An. gambiae s.s. 
has been found to be dependent on ecological and 
Table 5 Entomological parameters of malaria transmission recorded for vector species from all district
No ovary dissections done in 2009 and 2010
Rainfall data obtained from Ghana Meteorological Services Dept. weather stations in Savelugu and Tamale and Savannah Agricultural Research Institute—Tolon 
Kumbungu
PY pyrethroids (alphacypermethrin: 2009, 2011 and 2012; deltamethrin 2010); OP organophosphate (pirimiphos methyl)
District and transmission indicators 2009 2010 2011 2012 2013 2014
Savelugu Nanton District (SND)
 Insecticide sprayed PY PY PY OP OP OP
 Parity rate (# dissected) – – 44.8% (806) 37.4% (457) 27.5% (469) 28.1% (285)
 Sporozoite rates (# examined) 0.4% (550) 0.2% (882) 0.4% (794) 1.9% (530) 0.0% (841) 0.0% (400)
 ∑ Monthly EIRs post-IRS season (July–December) 2.1 6.9 6.3 3.5 0.0 0.0
Tolon Kumbungu District (TKD)
 Insecticide sprayed PY PY PY PY No IRS No IRS
 Parity rate (# dissected) – – 53.3% (1140) 46.6% (1203) 50.4% (2066) 68.5% (1089)
 Sporozoite rates (# examined) 0.5% (582) 0.5% (1229) 0.5% (1453) 3.6% (1048) 3.3% (883) 4.9% (388)
 ∑ Monthly EIRs post IRS season (July–December) 13.8 21.0 24.0 41.8 137.9 154.4
Tamale Metropolis (No IRS)
 Insecticide sprayed No IRS No IRS No IRS No IRS No IRS No IRS
 Parity rate (# dissected) – – 68.6% (1625) 65.8% (1764) 64.3% (2687) 72.3% (2395)
 Sporozoite rates (# examined) 1.6% (939) 2.0% (1764) 3.2% (1307) 1.9% (1275) 3.1% (1140) 2.2% (1754)
 ∑ Monthly EIRs post-IRS season (July–December) 35.0 109.4 103.1 125.6 188.0 104.7
Mean annual rainfall (mm) 149.6 120.0 87.4 87.9 77.3 79.9
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geographical factors [38, 39]. Reduction in mean annual 
rainfall for the study area between 2009 and 2014 (from 
149.6  mm in 2009 to 79.9  mm by 2014) could partly 
explain the general increase in An. coluzzii across all sites 
in 2014 compared to previous years. It is possible that 
temporary rainfall dependent larval habitats that could 
support breeding of An. gambiae s.s. [39] might have also 
declined over the period with the reduction in amount 
of rainfall (Table  5), thus restricting potential breeding 
sites to permanent irrigation fields that have been docu-
mented [38] to support breeding of An. coluzzii.
As a result of local factors such as irrigation, the EIR 
rates and entomological indices of transmission in TKD 
did not drop as low as observed in SND. The continuous 
use of pyrethroids for IRS in TKD in 2012 might have 
contributed to development of resistance to pyrethroids 
in 2012. By the end of 2012 An. gambiae s.l. had become 
highly resistant to alphacypermethrin. The 24 h mortal-
ity rates in WHO susceptibility tests conducted in 2012 
was 76% compared to 97% recorded in 2011 [unpub-
lished observations]. This in-part explains the increased 
malaria transmission intensity observed in TKD in 
2012, bringing to the fore the important role that insec-
ticide choice plays in the effectiveness of an IRS pro-
gramme within the context of an insecticide resistance 
management strategy. Two years after the withdrawal 
of IRS malaria transmission intensity increased by 
about threefold in TKD, in spite of the high ITN cov-
erage maintained in Northern Region by the door-to-
door campaign in 2012 and the school-based campaigns 
in 2013 and 2014. This suggests that in the event that 
a decision is taken to discontinue IRS in a similar high 
burden savannah area, additional efforts such as inten-
sive quality social and behaviour change communica-
tion (SBCC) to promote proper use of ITNs amongst all 
age groups and encourage correct malaria prevention 
and treatment behaviours at the household level may 
be warranted. Data from TML (unsprayed district) sug-
gests strongly that IRS in the neighbouring district led 
to the reductions in transmission in the neighbouring 
district. The yearly fluctuations and relative reductions 
in transmission intensity in TML shows that factors 
other than IRS operational quality and pesticide choice, 
such as rainfall and ITN usage are going to affect trans-
mission indices.
Central to the formulation of malaria control strate-
gies is a more critical understanding of the relationship 
between malaria risk factors, EIRs and disease outcomes. 
Therefore collection and analysis of routine health infor-
mation system data on how the reductions in the ento-
mological indicators of malaria transmission translate 
to reduction in disease burden in the area would be 
important.
Conclusions
The reduction in malaria transmission in the study dis-
tricts demonstrates the effectiveness of IRS programmes 
and the potential benefits of their expansion. How-
ever, insecticide resistance and its resulting cost impli-
cations will determine impact and feasibility of IRS 
implementation.
The study demonstrated that the shift from the pyre-
throid based IRS to organophosphates was effective in 
reducing the longevity of Anopheles vector species and 
eventually their malaria transmission potential. However, 
the withdrawal of IRS led to an increase in entomological 
indicators of malaria transmission, suggesting that main-
tenance of high local ITN coverage was not adequate to 
prevent a rebound of entomological indicators.
The study shows that if IRS is done optimally, it can 
contribute to significant reductions in key malaria 
transmission indices. Therefore collection and analy-
sis of routine health information system data is impor-
tant to complement entomological indicators of malaria 
transmission.
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